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Figure S1: Photos of the laser setups during irradiation of aqueous particle suspensions that passed in a capillary-generated liquid jet through the laser 
beam. Left, process with a 355 nm laser; right, setup for the 532 nm laser. 
Conversion of number of laser cycles into applied mass-specific energy doses. Mass-specific energy doses 𝐸!  were 
calculated in accordance with Ref. S1, using the equation 𝐸𝑚 = 𝑃0−𝑃1𝑉∙𝑤𝑚  ∙𝑁; parameters and values are given in Table S1. 
We quantified power losses from refraction and reflection of the laser beam at the air-liquid interface of the liquid jet. 
Measured emitted power of 355 or 532-nm laser light is denoted as 𝑃! , whereas 𝑃! and 𝑃! represent the laser power after 
transmission through the liquid jet without or with 1 g L−1 ZnO or TiO2 nanoparticles, respectively. We did not observe a 
dependence of 𝑃! on nanoparticle type. But we found different values for 𝑃! and 𝑃!, particularly with 355-nm light, where 
we detected a power loss of ca. 50 %, consistent with reported plasma formation and increased reflectivity at gas-water 
interfaces.S2 Overall, our laser treatments correspond to the following energy doses per cycle: 7.7 kJ g−1 for ns-355-nm 
pulses and 6.7 kJ g−1 for ps-532-nm pulses.  
Table S1: Parameters for the calculation of mass-specific energy doses 
Parameter  Value (ns-355-nm pulses) Value (ps-532-nm pulses) 𝑃! 	 Emitted laser power 19.4 W 7.5 W 𝑃! Power transmitted through the liquid jet 
without nanoparticles  
8.6 W 7.5 W 𝑃! Power transmitted through the liquid jet with  
1 g L−1 ZnO or TiO2 nanoparticles 
0.2 W 0.2 W 𝑉 Flow rate 1.1 mL s−1 1.1 mL s−1 𝑤!  Mass load in liquid jet 1 g L−1 1 g L−1 𝑁 Number of cycles 1 – 10  1 – 10  𝐸𝑚 Mass-specific energy dose 7.7 – 77 kJ g−1 6.7 – 67 kJ g−1 
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PL data analysis. We used Matlab 2017 for background subtraction and smoothing. Each 2D PL spectrum was smoothed 
by a second order Savitzky-Golay algorithm. We used filters in the emission path to prevent the first and second harmonics 
of excitation light from reaching the detector. The filters had widths of ±10 nm (fundamental excitation light) or ±20 nm 
(second harmonic of excitation light). During automated 2D data acquisition, filtered emission signals were automatically 
filled with the last point of unfiltered emission (left columns in Figures S5, S6, S16, and S16). We corrected our data by 
computing estimated backgrounds, adapting the backcor algorithm by V. Mazet, which uses the non-quadratic symmetrical 
Huber function and a second order polynomial.S3 Afterwards, we also applied a linear baseline correction.  
For 2D PL data of ZnO materials, we fitted the smoothed and baseline-corrected spectra by a global function that 
consisted of five Gaussians with fixed centers at 385, 404, 428, 521 and 544 nm (each with a variation of ± 2 nm), where 
known defect emissions occur; we performed these fits in Matlab 2017. We set lower and upper bounds for each peak 
width: 10–30 nm for the defects at 385 and 405 nm, and 10–100 nm for those at 428, 521 and 544 nm. Peak heights were 
constrained to positive integers. We chose the fitting algorithm to be “trust-region-reflective”. After fits converged, we 
integrated and compared simulated and fitted spectra and found deviations were ≤ 1 %. 
For 2D PL data of TiO2 materials, we integrated the smoothed and baseline-corrected spectra along the excitation range 
(y-axes in Figures S15 and S16) in the range of 300 – 350 nm for each emission wavelength (x-axes in Figures S15 and 
S16) We plotted integrated signals as a function of emission wavelengths and used OriginPro 2017G to fit the data by a 
function that consisted of four Gaussians with fixed centers at 390, 406, 456, and 510 nm. We constrained peak widths to 
40, 50, 60, and 80 nm, respectively, to minimize the number of random parameter fluctuations; peak heights were 
constrained to positive values.   
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Figure S2: Diffuse reflectance optical spectra of ZnO irradiated by ns-355-nm (left) or ps-532-nm-laser pulses (right); neat ZnO (top), ZnO with 
nominally 1 (middle) or 3 wt% (bottom) AuNPs. 
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Figure S3: XRD data of neat ZnO irradiated by ns-355-nm (left) or ps-532-nm-laser pulses (right). 
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Figure S4: XRD data of ZnO with nominally 1 wt% AuNPs, irradiated by ns-355-nm (top) or ps-532-nm-laser pulses (bottom). 
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Figure S5: Measured (left column), baseline-corrected (center column), and simulated (right column) 2D PL data of ZnO nanoparticles that were 
irradiated by ns-355-nm pulses; neat ZnO (A), ZnO with nominally 1 (B) or 3 wt% (C) AuNPs. 
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Figure S6: Measured (left column), baseline-corrected (center column), and simulated (right column) 2D PL data of ZnO nanoparticles that were 
irradiated by ps-532-nm pulses; neat ZnO (A), ZnO with nominally 1 (B) or 3 wt% (C) AuNPs. 
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Figure S7: Diffuse reflectance optical spectra of TiO2 irradiated by ns-355-nm (left) or ps-532-nm-laser pulses (right); neat TiO2 (top), TiO2 with 
nominally 1 (middle) or 3 wt% (bottom) AuNPs. 
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Figure S8: XRD data of neat TiO2 irradiated by ns-355-nm laser pulses. 
 
 
Figure S9: XRD data of neat TiO2 irradiated by ps-532-nm laser pulses. 
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Figure S10: XRD data of TiO2 irradiated by ns-355-nm laser pulses, with nominally 1 wt% Au. 
 
 
Figure S11: XRD data of TiO2 irradiated by ps-532-nm laser pulses, with nominally 1 wt% Au. 
 
Figure S12: XRD data of TiO2 irradiated by ns-355-nm laser pulses, with nominally 3 wt% Au. 
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Figure S13: XRD data of TiO2 irradiated by ps-532-nm laser pulses, with nominally 3 wt% Au. 
 
 
Figure S14: TEM images of TiO2 with nominally 3 wt% AuNP, irradiated by 10 cycles of (A) ns-355-nm pulses (77 kJ g−1) or (B) ps-532-nm light (67 
kJ g−1).  
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Figure S15: Measured (left column), baseline-corrected (center column), and simulated (right column) 2D PL data of TiO2 nanoparticles that were 
irradiated by ns-355-nm pulses; neat TiO2 (A), TiO2 with nominally 1 (B) or 3 wt% (C) AuNPs. 
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Figure S16: Measured (left column), baseline-corrected (center column), and simulated (right column) 2D PL data of TiO2 nanoparticles that were 
irradiated by ps-532-nm pulses; neat TiO2 (A), TiO2 with nominally 1 (B) or 3 wt% (C) AuNPs. 
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Figure S17: Linear sweep voltammograms of neat ZnO particles (top), and with nominally 1 (middle) or 3 wt% (bottom) AuNPs, laser-irradiated by 
ns-355-nm (left) or ps-532-nm (right) pulses, measured in aqueous pH 7.0 sodium phosphate buffer electrolyte. 
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Figure S18: Linear sweep voltammograms of neat ZnO particles (top), and with nominally 1 (middle) or 3 wt% (bottom) AuNPs, laser-irradiated by 
ns-355-nm (left) or ps-532-nm (right) pulses, measured in aqueous pH 7.0 sodium phosphate buffer electrolyte that contained 0.1 M sodium sulfite. 
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Figure S19: Linear sweep voltammograms of neat TiO2 particles (top), and with nominally 1 (middle) or 3 wt% (bottom) AuNPs, laser-irradiated by 
ns-355-nm (left) or ps-532-nm (right) pulses, measured in aqueous pH 7.0 sodium phosphate buffer electrolyte. 
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Figure S20: Linear sweep voltammograms of neat TiO2 particles (top), and with nominally 1 (middle) or 3 wt% (bottom) AuNPs, laser-irradiated by 
ns-355-nm (left) or ps-532-nm (right) pulses, measured in aqueous pH 7.0 sodium phosphate buffer electrolyte that contained 0.1 M sodium sulfite. 
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Figure S21: Electron microscopy images of neat ZnO (A, SEM image) and neat TiO2 (B, TEM image). 
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Figure S22: Retrieval rate of particulate ZnO (left) and TiO2 (right) after laser processing of 500 mg in 500 mL and drying. 
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Figure S23: Photo of 356 electrodes to obtain PEC performance trends. 
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